Here we describe the synthesis and characterization of a number of 3-amino-1H-indazol-6-yl-benzamides that were designed to target the 'DFG-out' conformation of the kinase activation loop. Several compounds such as 4 and 11 exhibit single-digit nanomolar EC 50 s against FLT3, c-Kit and the gatekeeper T674M mutant of PDGFRa.
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Small molecule inhibitors of kinases such as Bcr-Abl, PDGFR, cKit, ALK, and EGFR have exhibited dramatic clinical efficacy in a range of tumors and have provided the impetus for a large effort to develop a new generation of kinase inhibitors. 1 In most cases, resistance emerges with the most common mechanism being selection for mutant kinases that are no longer effectively inhibited by the drugs. The most frequently observed mutation is the socalled 'gatekeeper' residue typically involving a conversion of a threonine in the wild-type kinase to an isoleucine or methionine in the mutant kinase. 2 , have been reported. Here we employed structure-based drug design to develop inhibitors that could target the 'DFG-out' conformation of the activation loop and that could overcome the T315I Bcr-Abl mutation. 8 The starting point for our efforts was HG-7-85-01, a small molecule type II inhibitor that inhibits the proliferation of cells expressing the major imatinib-resistant gatekeeper mutants of BCR-ABL-T315I, Kit-T670I, PDGFRa-T674M/I, as well as Src-T341M/I. 7 A co-crystal structure of HG-7-85-1 with c-Src (PDB ID: 4agw) revealed that the general binding mode of HG-7-85-01 to Src is similar to that of imatinib, nilotinib and the DSA series of Src and Abl inhibitors. 9,10 HG-7-85-01 binds to Src in the 'DFG-out' inactive conformation and makes five hydrogen bonds with the ATP-binding cleft. 7 Using information gleaned from these examples, 7, 9, 10 we designed the potential kinase inhibitor chemo-type, 3-amino-1H-indazol-6-yl-benzamide, by replacing the hinge-interacting 2- amino-thiazolo-pyridine with 3-amino-indazole (Fig. 1) . 8 Aminoindazole hinge binders have been reported in a number of other kinase inhibitors including compounds targeting PDK1 11 , ALK 12 and VEGFR2. 13 Here we report the discovery and characterization of type II amino-indazole inhibitors with spectrum selective inhibition of FLT3, PDGFRa and c-Kit. The amino-indazole scaffold is exemplified by structures I and II (Tables 1 and 2 ). Concise synthetic routes were developed to prepare I and II (Schemes 1 and 2). Scheme 1 shows the details for the synthesis of compound 4, starting with condensation of 4-bromo-2-fluorobenzonitrile with hydrazine to afford 3-aminoindazole intermediate 1. The key intermediate, ethyl 3-(3-(cyclopropanecarboxamido)-1H-indazol-6-yl)benzoate 3, was obtained by acylation of 3-aminoindazole 1 with cyclopropanecarbonyl chloride followed by Suzuki coupling with 3-ethoxycarbonylphenylboronic acid. The final product 4 was obtained after ester hydrolysis and amide bond formation. Compounds 5-9 were synthesized analogously using different amines in the final amide formation step and compounds 10-13 were also obtained following this synthetic route using different boronic acids. Synthesis of 22 was accomplished by introduction of a boronic ester group to 6-bromo-N-methyl-1H-indazol-3-amine 20 followed by coupling with N-(4-((4-ethylpiperazin-1-yl)methyl)-3-(trifluoromethyl)phenyl)-3-iodobenzamide (Scheme 2). Compounds 14-18 were obtained following this synthetic route.
To explore the selectivity profile of this amino-indazole scaffold as kinase inhibitors, representative compound 4 was screened against a diverse panel of 402 kinases (Ambit KINOMEscan) using an in vitro ATP-site competition binding assay at a concentration of 10 lM.
14 The kinome-wide profiling revealed that this compound possessed a broad selectivity profile. The kinase exhibiting ambit scores less than 0.1% of the DMSO control for 4 are highlighted in a spot tree (Fig.2 , please see Supplementary data for full profiling results). 14, 15 Many of the kinases that were potently bound by 4, such as ABL, FLT3, KIT, p38 and PDGFR, are well known to show a predilection to being targeted by type II compounds that recognize the 'DFG-out' conformation. 8 To corroborate a subset of the potential targets using cellular assays, we evaluated 4 in cell proliferation assays that are known to be dependent upon wild-type and mutant forms of Bcr-Abl, FLT3, PDGFRa and c-KIT kinase activity. These included MOLM13 (FLT3), Bcr-Abl-and Bcr-Abl-T315I-, PDGFRa-T674M-, and Kit-T670I transformed Ba/F3 cells. Wild-type Ba/F3 cells proliferate only in the presence of interleukin-3 (IL-3) while Ba/F3 cells transformed with oncogenic kinases such as Bcr-Abl become capable of growing in the absence of IL-3. This provides a robust and commonly used assay for selective kinase inhibition. 16 The first synthesized compound 4 exhibited EC 50 s of 5 nM, 17 nM, and 198 nM on MOLM13(FLT3), PDGFRa-T674M-Ba/F3 and Kit-T670I-Ba/F3 cells, respectively. Compound 4 did not inhibit growth of Kit-V559D-Ba/F3 and Kit-insAY-Ba/F3 at concentration of 1 lM. Surprisingly, 4 was only a single digit micromolar inhibitor of T315I-Bcr-Abl Ba/F3 cells. The EC 50 against parental Ba/F3 cells was higher than 10 lM, demonstrating that the antiproliferative activity was derived from on-target inhibition of the respective kinase. Encouraged by the potent activity against FLT3 and PDGFR, we next prepared a small set of compounds to investigate the structure-activity relationship (SAR) and validate our design strategy (Table 1) . Replacement of substituted aniline in the 'tail' region (5 and 6) resulted in a dramatic loss of activity against all three targets. This indicated that N-ethylpiperazine moiety might have a key interaction with the target kinase in this region (see the discussion of modeling study). The simple alkyl amide analogs containing linear alkyl amine, cyclic amine and methyl amine (7-9) lost activity completely, except compound 9 which exhibited an EC 50 of 256 nM on PDGFRa-T674M. Collectively these results are consistent with this inhibitor functioning as a type-II kinase inhibitor of targets of FLT3, PDGFRa and c-KIT. We next investigated the effects of using 6-methyl 1,3-substituted benzene, 2,5-substituted thiophene, and 2,5-substituted furan as linker motifs (Table 2and 10-16). Comparing compounds 4 and 10, the orientation of the amide (as found in nilotinib) is favored over the reverse amide orientation (as found in imatinib), respectively. Compound 10 maintained similar potency against FLT3 and PDGFRa-T674M, but exhibited sixfold decreased activity on Kit-T670I relative to compound 4. Introduction of a flag-methyl on the benzene ring of linker region (11) resulted in a compound that exhibited similar activity against all three targets. Again we observed that N-ethylpiperazine moiety in the tail region was important to maintain potent inhibition (11 vs 12 and 13). Thiophene and furan linker analogs (14-16) exhibited good activity on FLT3, but lost potency against PDGFRa-T674M and Kit-T670I. Compound 15 exhibited significant general cytotoxicity with an EC 50 of 120 nM on parental Ba/F3 cells suggesting that this compound engaged additional targets. We next investigated modifications to the 3-amino group of the 1H-indazole, which is predicted to interact with the hinge region of the kinase. Acetyl, free amino and methyl analogs (17, 18 and 22) exhibited EC 50 s of single-digit nanomolar potency against FLT3 and PDGFRa-T674M, but lost activity on Kit-T670I. To better understand the structure and activity relationship of this amino-indazole scaffold, we performed a modeling study by comparing the binding mode of compound 4 with HG-7-85-01 in the co-crystal structure of c-Src (PDB ID: 4agw) 7 and with AP24534 in a co-crystal structure with T315I Abl (PDB ID: 3ik3) 4 ( Fig. 3) . 17 Superimposing the bound conformation of 4 and HG-7-85-01, 4 is predicted to bind to Src in the 'DFG-out' inactive conformation and form four hydrogen bonding interactions (Fig. 3a) . One hydrogen bond is predicted between the hinge region backbone carbonyl of E339 and the indazole NH. A pair of hydrogen bonds are predicted between the benzamide carbonyl and the backbone NH of D404 of the 'DFG-motif' and the benzamide NH and side chain carboxylate of E310 from the aC-helix. Finally, a hydrogen bond is predicted between the presumably protonated distal piperazine nitrogen and the backbone carbonyls of V383 and H384. This modeling can be used to rationalize some of the observed structure-activity relationships. For example, comparison of compounds with and without the piperazine ring (4 vs 6, 11 vs 13) demonstrates that this functionality greatly improves potency against FLT3, PDGFRa-T674M and Kit-T670I. Similarly, the comparison of binding mode of 4 with that of AP24534 to T315I-Abl revealed the repulsive interaction between 'gatekeeper' I315 and 4 ( Fig. 3b) , which provides a possible explanation for the modest single digit micromolar activity of 4 against T315I Bcr-Abl Ba/F3 cells. In summary, we have designed a new type II kinase inhibitor scaffold, 3-amino-1H-indazol-6-yl-benzamide, using structurebased design and scaffold morphing approaches. The combined use of kinome-wide kinase selectivity profiling followed by kinase-activity dependent cellular proliferation assays enabled the efficient development of highly potent inhibitors of FLT3 and PDGFRa-T674M. Despite having a broad kinase selectivity profile, compounds such as 4 and 22 are not general cytotoxic agents and exhibit more than 1000-fold selectivity for FLT3 and Kit-T670I dependent cellular growth. Further medicinal chemistry efforts are in progress to develop analogs from this compound series whose multitargeted inhibition profile is tailored for optimal activity against particular cancer genotypes.
